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Abstract 

Cisplatin-based combination cliemotlierapy regimen is a reasonable alternative to cystectomy in advanced/metastatic 
bladder cancer, but acquisition of cisplatin resistance is common in patients with bladder cancer. Previous studies showed 
that loss of homeodomain-interacting protein kinase-2 (HIPK2) contributes to cell proliferation and tumorigenesis. However, 
the role of HIPK2 in regulating chemoresistance of cancer cell is not fully understood. In the present study, we found that 
HIPK2 mRNA and protein levels are significantly decreased in cisplatin-resistant bladder cancer cell in vivo and in vitro. 
Downregulation of HIPK2 increases the cell viability in a dose- and time-dependent manner during cisplatin treatment, 
whereas overexpression of HIPK2 reduces the cell viability. HIPK2 overexpression partially overcomes cisplatin resistance in 
RT4-CisR cell. Furthermore, we showed that Wipl (wild-type p53-induced phosphatase 1) expression is upregulated in RT4- 
CisR cell compared with RT4 cell, and HIPK2 negatively regulates Wipl expression in bladder cancer cell. HIPK2 and Wipl 
expression is also negatively correlated after cisplatin-based combination chemotherapy in vivo. Finally, we demonstrated 
that overexpression of HIPK2 sensitizes chemoresistant bladder cancer cell to cisplatin by regulating Wipl expression. 

Conclusions: These data suggest that HIPK2/Wipl signaling represents a novel pathway regulating chemoresistance, thus 
offering a new target for chemotherapy of bladder cancer. 
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Introduction 

Human bladder cancer is the tenth most common malignancy 
in women, and the fourth most common in men [1,2]. 
Pathological studies indicate that bladder cancer comprises two 
major groups. The most common bladder cancer is urothelial 
carcinoma (UC) that usually recurs but rarely progress [3,4]. In 
addition, invasive bladder cancer is more aggressive, and one-half 
of patients with invasive bladder cancer develop distant metastasis 
[5,6] . Chemoradiation is a reasonable alternative to cystectomy in 
advanced/metastatic bladder cancer, but resistance to cancer 
chemotherapy is a common phenomenon especially in metastatic 
bladder cancer [7]. However, the advances in chemotherapy for 
the purpose of bladder cancer treatment have been limited 
because the underlying mechanisms causing chemoresistance are 
not known. Revealing the molecular mechanism of chemoresis- 
tance is indispensable for developing effective chemotherapeutic 
agents. 

Homeodomain-interacting protein kinase-2 (HIPK2) is a 
serine/threonine kinase that as been shown to be involved in 
tumor suppressor [8,9,10]. HIPK2 is activated in response to 
various types of DNA-damaging agents, such as cisplatin, 
ultraviolet and roscovitine chemotherapeutic drugs [9]. HIPK2 
phosphorylates p53 for specific activation of proapoptotic target 
genes, including p53AIPl, PIG3, Bax and Noxa and contributes to 
the regulation of p53-induced apoptosis [11,12,13]. Puca el al 
demonstrated that HIPK2 is an important regulator of p53 activity 



in response to a chemotherapeutic drug [14]. HIPK2 is expressed 
differently in sensitive versus chemoresistant cells in response to 
different chemotherapeutic drugs (i.e., cisplatin and adriamycin). 
HIPK2 inhibition suppresses the adriamycin-induced apoptosis in 
chemoresistant cancer cells, whereas overexpression of HIPK2 
triggers apoptosis in chemoresistant cells, associated with induction 
of p53Ser46-target gene AIPl [14,15,16]. Lazzari a/ showed that 
HIPK2 knockdown induces resistance to different anticancer 
drugs even by targetingANp63o( in p53-null cells [17]. 

Wild-type p53-induced phosphatase 1 (Wipl) is a p53-inducible 
serine/threonine phosphatase that switches off DNA damage 
checkpoint responses by the dephosphorylation of certain proteins, 
such as p38 mitogen-activated protein kinase, p53, checkpoint 
kinase 1 and checkpoint kinase 2 [18,19]. Wipl is targeted by 
HIPK2 for degradation [20]. Emerging data also indicate that 
Wip 1 is overexpressed in various human tumors, and is associated 
with chemoresistance [19]. Wang et al showed that Wipl 
knockdown increases DNA damage signaling and re-sensitizes 
oral squamous cell carcinoma (SCC) cells to cisplatin [21]. Using 
xenograft tumor models, they demonstrated that overexpression of 
Wipl promotes tumorigenesis and its inhibition improves the 
tumor response to cisplatin [21]. Oppositely, Goloudina el al 
showed that Wipl overexpression sensitizes colon cancer cells 
HCT116 (p53~''~) to cisplatin in RUNX2-dependent transcrip- 
tional induction of the proapoptotic Bax protein [22]. However, 
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of cisplatin over a time period of 12 months, and HIPK2 levels were 
analyzed by real-time PCR. Relative HIPK2 levels were calculated with 
respect to the control. ♦p<0.05. (C) Western blot analysis of HIPK2 
protein level in RT4-CisR and RT4 cells (up). We also showed relative 
quantification of HIPK2 protein level (bottom, n = 3). *p<0.05. 
doi:1 0.1 371/journal.pone.009841 S.gOOl 

the role of Wipl in regulating cisplatin sensitivity of bladder cancer 
cell is not fuUy understood. 

Based on these findings, we investigated whether HIPK2 
regulates chemosensitivity by targeting Wipl in bladder cancer 
cell. Here we found that upregulation of HIPK2 inhibits Wipl 
expression, which sensitizes chemoresistant bladder cancer cell to 
cisplatin. 

Materials and Methods 

Cell lines and tissue samples 

The protocols used in the study were approved by the Hospital's 
Protection of Human Subjects Committee. Blood specimens were 
acquired with written informed consent from the Beijing 
Friendship Hospital Affiliated to Capital University of Medical 
Sciences. A total of 31 unresectable/metastatic bladder cancer 
patients were included in the study, and all the patients received 
cisplatin-based combination chemotherapy between 12/2011 and 
08/2013 (median age 62.3, range 51-80). 

Human bladder cancer cell lines with wild type of p53 (RT4 
and 253J) were obtained and maintained as recommended by 
American Type Culture Collection (ATCC, Manassas, VA). The 
cisplatin-resistant subline RT4-resistance (RT4-CisR) was estab- 
lished by continuous exposure to increasing concentrations of 
cisplatin over a time period of 12 months, as reported previously 
[23]. 

Real-time PCR 

Total RNA was extracted from cells or tissues using Trizol 
reagent (Invitrogen, Carlsbad, CA), and reverse transcription (RT) 
reactions were performed according to the manufacturer's 
protocol. Real-time PCR was performed using a standard protocol 
from the SYBR Green PCR kit (Toyobo, Osaka, Japan). P-actin 
were used as references for mRNAs. ACt values were normalized 
to P-actin levels. The 2"^^'^'' method was used to determine the 
relative quantitation of gene expression levels. Each sample was 
analyzed in triplicate. 
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Figure 1. HIPK2 expression is decreased in cKiemo-resistant 
bladder cancer cell. (A) The analysis of the HIPK2 expression level was 
performed in blood samples with cisplatin-sensitive patients (n = 19) 
and cisplatin-resistant patients (n = 12). Total RNA was extracted and 
subjected to real-time RT-PCR to analyze the relative level of HIPK2 in 
each sample. Relative expression was calculated and normalized with 
respect to p-actin mRNA. All data were expressed as fold change 
relative to a tissue (control, expression = 1). The results were expressed 
as LoglO (2"'^'^°). *p<0.05. (B) The cisplatin-resistant subline RT4-CisR 
was established by continuous exposure to increasing concentrations 



Western blot analysis 

Western blot analysis to assess HIPK2, Wipl and P-actin 
expression was performed as previously described [24]. HIPK2 
(ab28507) and Wipl (ab72000) primary antibodies were pur- 
chased from Abeam (Cambridge, MA, USA). The P-actin primary 
antibodies were purchased from Sigma (MO, USA). 

Cell viability assay 

Cells were plated and grown in 96-well plate in 0. 1 ml 
Dulbecco's modified Eagle's medium containing 10% (v/v) fetal 
calf serum at 37°C for 24 h. Thereafter, the medium was changed 
and 0.1 ml fresh medium containing indicated drug was added 
and the cells were incubated for additional 48 h. The number of 
viable cells was determined by using the 3-(4,5-dimethylthiazol- 
2yl)-2,5-diphenyltetrazolium bromide (MTT) assay as described 
[25]. 

RNAi and overexpression 

RNAi was performed as described previously [26,27]. The 
siRNAs used in this study were mixtures of three siRNAs and were 



PLOS ONE I www.plosone.org 



2 



May 2014 | Volume 9 | Issue 5 | e98418 



HIPK2 Overcomes Drug Resistance 




C 

120 




0 I ' ' • ' ' 

0 24 48 72 96 120 h 



F 

120 




20 
0 



0 24 48 72 96 120 h 



Figure 2. HIPK2 downregulation increases cell viability during cisplatin treatment in bladder cancer cell. (A) RT4 cells were transfected 
with HIPK2-siRNAs and HIPK2 expression level was assayed by real-time PCR. N.C = negative control (scrambled) siRNA. (B) RT4 cells were treated with 
HIPK2-siRNAs, and cell viability was assayed by using MTT following cisplatin treatment (1 to 6 |ilVl). The results show data from six independent 
experiments, expressed as the mean ± SD. *p<0.05. (C) RT4 cells were treated with HIPK2-siRNAs, and at the indicated time points, cell viability was 
assayed by using MTT following cisplatin treatment (6 |J.IV1). The results show data from six independent experiments, expressed as the mean ± SD. 
*p<0.05. (D) RT4-CisR cells were transfected with pcDNA-HIPK2 and HIPK2 expression level was assayed by real-time PCR. (E) HIPK2 was 
overexpressed in RT4-CisR cells, and cell viability was assayed by using MTT following cisplatin treatment (1 to 6 jilVl). The results show data from six 
independent experiments, expressed as the mean ± SD. *p<0.05. (F) 253J cells were treated with HIPK2-siRNAs, and cell viability was assayed by 
using MTT following cisplatin treatment (6 |j.M). *p<0.05. 
doi:1 0.1 371/journal.pone.009841 8.g002 



purchased from Geiiepharm (Shanghai, China). pcDNA-HIPK2 
and pcDNA-Wipl were constructed to overexpress HIPK2 or 
Wipl by introducing a fragment containing the HIPK2 or Wipl 
precursor into pcDNA plasmid. 



Statistical analysis 

All data are expressed as mean ± standard deviation (SD) from 
at least three separate experiments. Tlie differences between 
groups were analyzed using Student's / test. Differences were 
deemed statistically significant at p<0.05. 
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Figure 3. Wip1 expression is upregulated in RT4-CisR cell 
compared with RT4 cell. (A and B) Wipl mRNA and protein 
expression levels were assayed in RT4 and RT4-CisR cells, respectively. 
*p<0.05. 

doi:1 0.1 371/journal.pone.009841 8.g003 



Results 

HIPK2 expression is decreased in chemo-resistant 
bladder cancer cell 

Cisplatin is currently the most effective antitumor agent against 
advanced bladder cancer. However, resistance to cisplatin-based 
combination chemotherapy is a common phenomenon especially 
in metastatic bladder cancer. To clarify the molecular mechanisms 
underlying cisplatin resistance in bladder cancer, a total of 31 
metastatic bladder cancer patients were included, and HIPK2 
expression level was assayed after cisplatin-based combination 
chemotherapy. Figure lA showed that HIPK2 expression in 
patients who are chemo-resistant is significantly decreased 
compared with chemo-sensitive patients. Then we established a 
cisplatin-resistant subline from the human bladder cancer cell line 
RT4 (RT4-CisR), and assayed the expression level of HIPK2. As 
shown in Figure IB, HIPK2 mRNA levels were lower in RT4- 
CisR cells compared with RT4 cells. Similarly, HIPK2 protein 
levels were downregulated in RT4-CisR cells (Figure IC). These 
data indicate that downregulation of HIPK2 may be related to 
cisplatin resistance of bladder cancer cells. 



HIPK2 knockdown increases cell viability during cisplatin 
treatment in bladder cancer cell 

To investigate the role of HIPK2 in cisplatin resistance, separate 
overexpression and ablation experiments were done using either 
pcDNA-HIPK2 or HIPK2 siRNA during cisplatin treatment and 
cell viability was assayed. Figure 2A showed that HIPK2 
expression levels were decreased in RT4 cells treated with 
HIPK2-siRNA. Then RT4 ceU were incubated with different 
concentrations of cisplatin (0, 1, 2, 3, 4, 5 and 6 |iM) for 48 h. As 
shown in Figure 2B, HIPK2 inhibition markedly increases RT4 
cell viability compared with negative control (N.C). Expectedly, 
knockdown of HIPK2 increases RT4 cell viability following 
cisplatin treatment in time-dependent manner (Figure 2C). In 
RT4-CisR cells, cisplatin treatment resulted in a modest inhibition 
of cell viability, whereas overexpression of HIPK2 re-sensitized 
RT4-CisR cells to cisplatin (Figure 2D and E). Similarly, HIPK2 
expression was inhibited in 253J cells after HIPK2-siRNA 
treatment (Figure SI), and HIPK2 inhibition increases 253J cell 
viability in time-dependent manner (Figure 2F). These data 
suggest that HIPK2 increases cisplatin sensitivity of bladder 
cancer cells. 

HIPK2 negatively regulates Wipl expression 

Previous studies showed that HIPK2 regulates tumor progres- 
sion and drug resistance via several potential target genes, such as 
Bax, p53AIPl, Noxa, etc [14]. HIPK2 also plays a critical role in 
the initiation of double-strand break repair signaling by controlling 
Wipl levels in response to ionizing radiation [20]. Recent studies 
indicate that Wip 1 is overexpressed in various human tumors, and 
is associated with chemoresistance [19]. However, little is known 
about whether HIPK2 regulates cisplatin resistance by targeting 
Wip 1 . We first assayed the expression level of Wip 1 in RT4 and 
RT4-CisR cells. Figure 3A and B showed that Wipl mRNA and 
protein levels were significantiy upregulated in RT4-CisR 
compared with RT4 cell. We then assayed whether HIPK2 
negatively regulates Wipl expression. HIPK2 knockdown in- 
creased Wipl expression levels in bladder cancer cell lines 
(Figure 4A), whereas HIPK2 overexpression remarkably inhibited 
Wipl mRNA level in bladder cancer cell lines (Figure 4B). 
Western blot analysis showed that HIPK2 knockdown increases 
Wipl protein level (Figure 4C). In vivo, a significant negative 
correlation is also observed between the HIPK2 levels and the 
Wipl levels in patients with bladder cancer after cisplatin-based 
combination chemotherapy (r^ = 0.1507, /; = 0.0063, Figure 4D). 
These data showed that downregulation of HIPK2 results in an 
increase of Wipl expression. 

HIPK2 overexpression sensitizes chemoresistant bladder 
cancer cell to cisplatin by regulating Wipl expression 

We next investigated the role of Wip 1 in regulating cell viability 
during cisplatin treatment. Figure 5 A showed that Wipl overex- 
pression increased cell viability in RT4 cells during cisplatin 
treatment. HIPK2 inhibits Wipl expression and decreases 
cisplatin resistance, and a significant negative correlation is 
observed between the HIPK2 and the Wipl. We therefore 
speculated that the role of HIPK2 in regulating cisplatin resistance 
is mediated by Wipl. Figure 5B showed that HIPK2 inhibition 
markedly increases RT4 cell viability compared with N.C, whereas 
Wipl inhibition in HIPK2-downregulating cells partiy reduces cell 
viability. Similarly, Wipl inhibition in HIPK2-downregulating 
cells partiy reduces 253J cell viability (Figure 5C). More important, 
cell viability is decreased by HIPK2 overexpression, whereas Wipl 
overexpression increased HIPK2-overexpressing cell viability 
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Figure 4. HIPK2 negatively regulates Wipl expression. (A) Wipl mRNA levels were evaluated by real-time PCR after HIPK2 inhibition in RT4 
cells and 253J cells. *p<0.05. (B) Relative Wipl mRNA level after HIPK2 overexpression in RT4 cells and 253J cells. *p<0.05. (C) Western blot analysis of 
Wipl level after HIPK2 inhibition in RT4 and 253J cells. (D) Negative correlation between the HIPK2 levels and the Wipl levels in 18 patients with 
bladder cancer after cisplatin-based combination chemotherapy (/^ = 0.1 507, p = 0.0063). Relative Wipl or HIPK2 expression was calculated and 
normalized with respect to |3-actin mRNA. All data were expressed as fold change relative to a tissue (control, expression = 1). 
doi:1 0.1 371 /journal.pone.009841 8.g004 



(Figure 5D). These data confirm that HIPK2 overexpression 
sensitizes chemoresistant bladder cancer cell to cisplatin by 
regulating Wipl expression. 

Discussion 

Human bladder cancer is one of the most fatal cancers aU over 
the world, and its incidence is increasing in many countries. 
Besides surgical treatments, systematic chemotherapy, play an 
important role in bladder cancer treatment especially for patients 
with advanced and metastatic bladder cancer [28,29]. However, 
despite a rapid shrinkage in tumor mass following chemothera- 
peutic cycles, the chemoresistance of cancer cells frequently results 
in the subsequent recurrence and metastasis of cancer [30,31]. 
Considering the poor prognosis for patients with bladder cancer, 
mainly because of late diagnosis and low response to chemother- 
apy, we attempted to identify predictive markers of therapeutic 
response and molecular targets to increase sensitivity to treatment. 

Our studies provide a rationale for the potential use of HIPK2 
transduction to sensitize chemoresistant bladder cancer cells to 
cisplatin. We showed that HIPK2 expression levels are signifi- 
candy downregulated in cisplatin-resistant RT4 cell (RT4-CisR) 
compared with RT4 cell. Downregulation of HIPK2 increases the 
cisplatin resistance in a dose- and time-dependent manner in RT4 
cell, whereas forced expression of HIPK2 reduces the cell viability 
during cisplatin treatment. Moreover, overexpression of HIPK2 



partially overcomes cisplatin resistance in RT4-CisR cell. Previous 
studies showed that HIPK2 is activated in response to various 
types of DNA-damaging agents, such as cisplatin, ultraviolet and 
roscovitine chemotherapeutic drugs [14,32], and is an important 
regulator of p53 activity in response to a chemotherapeutic drug 
[11,14]. Overexpression of HIPK2 in p53 wild-type re-sensitizes 
chemoresistant ovarian cancer cells to chemotherapy by mediating 
p53 phosphorylation. However, the molecular mechanism of 
HIPK2 in regulating chemoresistance of cancer cell is not fully 
understood. 

Wipl is a p53-inducible serine/threonine phosphatase that 
switches oflF DNA damage checkpoint responses by the dephos- 
phorylation of certain proteins involved in DNA repair and the cell 
cycle checkpoint [19]. The Wipl gene is amplified in many tumor 
types [33]. Song et al showed that Wipl interacts with and 
dephosphorylates BAX to suppress BAX-mediated apoptosis in 
response to y-rrradiation in prostate cancer cells [19]. Radiation- 
resistant LNCaP cells showed dramatic increases in Wipl levels 
and impaired BAX movement to the mitochondria after c- 
irradiation, and these effects were reverted by a Wipl inhibitor 
[19]. Wang et al showed that Wipl is an effective drug target for 
enhanced cancer therapy [21]. Wipl inhibition increases DNA 
damage signaling and resensitizes oral SCC cells to cisplatin. Wipl 
upregulation promotes tumorigenesis and its inhbition improves 
the tumor response to cisplatin. Consistent with above results, we 
found that expression level of Wipl is upregulated in RT4-CisR 
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Figure 5. HIPK2 overexpression sensitizes chemoresistant bladder cancer cell to cisplatin by regulating Wip1 expression. (A) Wip1 
was overexpressed in RT4 cells, and cell viability was assayed by using MTT following cisplatin treatment (6 |J.IV1). The results show data from six 
independent experiments, expressed as the mean ± SD. *p<0.05. (B and C) RT4 and 253J cells were treated with HIPK2-siRNA or HIPK2-siRNA plus 
Wipl-siRNA, and at the indicated time points, cell viability was assayed by using MTT following cisplatin treatment (6 |iM). (D) HIPK2 or HIPK2 plus 
Wipl was overexpressed in RT4-CisR cells, and cell viability was assayed by using MTT following cisplatin treatment (6 |j,M). *p<0.05. 
doi:1 0.1 371 /journal.pone.009841 8.g005 



cell compared with RT4 cell, and Wipl overexpression increases 
cell viability during cisplatin treatment in RT4 cells. Importantly, 
we demonstrated that HIPK2 negatively regulates Wipl expres- 
sion in bladder cancer cell. HIPK2 and Wipl expression is also 
negatively correlated after cisplatin-based combination chemo- 
therapy in vivo. Forced expression of HIPK2 sensitizes chemore- 
sistant bladder cancer cell to cisplatin by regulating Wipl 
expression. Conclusion: These data demonstrated that 
HIPK2/Wipl signaling represents a novel pathway regulating 
chemoresistance. Thus, this study reveals that HIPK2/Wipl is an 
effective drug target for enhanced cancer therapy. 



Supporting Information 

Figure SI HIPK2 expression level was assayed by real- 
time PGR in 253J cells. N.C = negative control (scrambled) 
siRNA. *p<0.05. 
(TIF) 
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